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$EVWUDFW
$PRQJ WKH YDULRXV ELRPHWULF V\VWHPV IDFH UHFRJQLWLRQ LV DQ LPSRUWDQW DUHD RI UHVHDUFK GXH WR LWV DSSOLFDWLRQV LQ +XPDQ
&RPSXWHU,QWHUDFWLRQELRPHWULFVDQGVHFXULW\ ,W LVRQHRI WKHPRVWSRSXODUUHVHDUFKDUHDV LQ WKHILHOGRIFRPSXWHUYLVLRQDQG
SDWWHUQUHFRJQLWLRQ7KLVSDSHUDGGUHVVHVWKHXVHRI,QGHSHQGHQW&RPSRQHQW$QDO\VLV,&$IRU UHFRJQL]LQJKXPDQIDFHV,WLV
LPSOHPHQWHGXVLQJ,QIR0D[DOJRULWKP)DFHUHFRJQLWLRQSHUIRUPDQFH LVHYDOXDWHGXVLQJ$UFKLWHFWXUH,ZKLFK WUHDWV LPDJHVDV
UDQGRP YDULDEOHV DQG SL[HOV DV RXWFRPHV:H DUH REVHUYLQJ WKH VHQVLWLYLW\ RI ,&$ WR WKH GLPHQVLRQDOLW\ RI ILQDO VXEVSDFH
([SHULPHQWV DUH FDUULHG RXW RQ25/ IDFH GDWDEDVHZKLFK FRQVLVWV RI  IDFH LPDJHV:H SUHVHQWHG UHFRJQLWLRQ UDWH RI WKH
V\VWHP FRUUHVSRQGLQJ WR QXPEHU RI LQGHSHQGHQW EDVLV YHFWRUV DORQJ ZLWK WKH HQHUJ\ UHWDLQHG LQ QXPEHU RI HLJHQYHFWRUV RI
XQGHUO\LQJ3ULQFLSDO&RPSRQHQW$QDO\VLV3&$VXEVSDFH2XUUHVXOWVVKRZWKDWWKHSHUIRUPDQFHRIIDFHUHFRJQLWLRQXVLQJ,&$
LQFUHDVHVZLWKWKHQXPEHURIVWDWLVWLFDOO\LQGHSHQGHQWEDVLVYHFWRUV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRIWKH6HFRQG,QWHUQDWLRQDO6\PSRVLXPRQ&RPSXWHU9LVLRQDQGWKH
,QWHUQHW9LVLRQ1HW¶
.H\ZRUGV%LRPHWULFV)DFHUHFRJQLWLRQ,QGHSHQGHQW&RPSRQHQW$QDO\VLV3ULQFLSDO&RPSRQHQW$QDO\VLV,QIR0D[DORJRULWKP
,QWURGXFWLRQ
%LRPHWULFV\VWHPSURYLGHVDXWRPDWLFLGHQWLILFDWLRQRIDSHUVRQEDVHGRQVRPHXQLTXHFKDUDFWHULVWLFVSRVVHVVHG
E\ WKHSHUVRQ)DFH LPDJHVDUH WKHPRVWFRPPRQO\XVHGELRPHWULFFKDUDFWHULVWLFVE\KXPDQV WRSHUIRUPSHUVRQDO
UHFRJQLWLRQWKHUHIRUHWKLVELRPHWULFLVXVHGLQWHFKQRORJ\7KHDSSOLFDWLRQVRIIDFHUHFRJQLWLRQUDQJHIURPVWDWLFWR


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G\QDPLFUHDOWLPHLGHQWLILFDWLRQRIVXUYHLOODQFHYLGHRLPDJHV,WLVXVHGLQSURYLGLQJLQIRUPDWLRQVHFXULW\DQGODZ
HQIRUFHPHQW6HYHUDOPHWKRGVKDYHEHHQSURSRVHGIRUIDFHUHFRJQLWLRQ)DFHUHFRJQLWLRQPHWKRGVDUHFDWHJRUL]HG
LQWRWZRW\SHVLDSSHDUDQFHEDVHGDQGLLIHDWXUHEDVHG$PRQJWKHVHDSSHDUDQFHEDVHGPHWKRGVRIIHUSURPLVLQJ
UHVXOWV7KH\FRQVLGHUZKROHIDFHLPDJHLQVWHDGRIMXVWORFDOIHDWXUHV7KHVHPHWKRGVDUHFRPSXWDWLRQDOO\H[SHQVLYH
DVWKH\SHUIRUPUHFRJQLWLRQLQWKHKLJKGLPHQVLRQDOVSDFHV3ULQFLSDO&RPSRQHQW$QDO\VLV3&$DQG,QGHSHQGHQW
&RPSRQHQW$QDO\VLV,&$DUHVRPHRIWKHSRSXODUDSSHDUDQFHEDVHGWHFKQLTXHVWRQDPHDIHZ
3&$LVZLGHO\XVHGWHFKQLTXHIRUGLPHQVLRQDOLW\UHGXFWLRQ3&$ILQGVRXWRUWKRJRQDOEDVLVYHFWRUVZKLFKOHDG
WRUHGXFWLRQLQGLPHQVLRQDOLW\3&$GHFRUUHODWHVRQO\VHFRQGRUGHUVWDWLVWLFVIURPWKHJDOOHU\LPDJHVZKHUHDV,&$
GHFRUUHODWHVKLJKHURUGHUVWDWLVWLFVDOVR5HFHQWO\,&$KDVEHFRPHSRSXODUGXHWRLWVDSSOLFDWLRQVLQYDULRXVDUHDV
,W LV XVHG IRUEOLQG VRXUFH VHSDUDWLRQZKHUHRULJLQDO VRXUFHVDUH VHSDUDWHG IURP WKHLUPL[WXUHVZKLOH%DUOHWW DQG
6HMQRZVNLXVHGLWIRUIDFHUHFRJQLWLRQ
7KHRUJDQL]DWLRQRI WKHSDSHU LVDVIROORZVVHFWLRQGHVFULEHVIDFHUHFRJQLWLRQXVLQJ,&$WHFKQLTXH LQGHWDLO
VHFWLRQIRFXVHVRQWKHH[SHULPHQWDOZRUNDQGUHVXOWV/DVWO\VHFWLRQRIIHUVFRQFOXVLRQ
,QGHSHQGHQW&RPSRQHQW$QDO\VLV
,&$ FDQ EH XVHG WR SHUIRUP IDFH UHFRJQLWLRQ ZKHUH IDFH LPDJHV DUH FRQVLGHUHG DV D PL[WXUH RI XQNQRZQ
LQGHSHQGHQW VRXUFHV E\ XQNQRZQPL[LQJ PDWUL[ ,&$ ILQGV VHSDUDWLQJ PDWUL[ WR REWDLQ VWDWLVWLFDOO\ LQGHSHQGHQW
EDVLVLPDJHV7KHVHVSDWLDOO\ORFDOL]HGEDVLVLPDJHVDUHVKRZQLQ)LJ


)LJ,&$LPSOHPHQWDWLRQIRUIDFHUHFRJQLWLRQ
/HW6EHXQNQRZQLQGHSHQGHQWVRXUFHVDQG;EHREVHUYHGPL[WXUHV8VLQJPDWUL[QRWDWLRQWKHPL[LQJSURFHVV
FDQEHZULWWHQDV
  ; $6  
ZKHUH$LVXQNQRZQPL[LQJPDWUL[,QWKLV,&$PRGHOJRDOLVWRILQGERWK$DQG6XVLQJ;8QNQRZQPL[LQJ
PDWUL[ $ LV VTXDUH DQG LQYHUWLEOH 2QFH PDWUL[ $ LV IRXQG LWV LQYHUVH VD\: FDQ EH FRPSXWHG HDVLO\ DQG
LQGHSHQGHQWVRXUFHVFDQEHIRXQGDV
 6 : ;  
LH JRDO RI ,&$ LV WR REWDLQ WKLV VHSDUDWLQJPDWUL[: 7KHUH LV QR FORVHG IRUP VROXWLRQ WR REWDLQ: 5DWKHU
YDULRXV LWHUDWLYH DOJRULWKPV FDQ EH XVHG IRU DSSUR[LPDWLQJ: VR DV WR PDNH 6 DV VWDWLVWLFDOO\ LQGHSHQGHQW DV
SRVVLEOH7KLVSDSHUXVHV,QIR0D[DOJRULWKPIRUWKLVSXUSRVH
3UHSURFHVVLQJIRU,&$
7KHFRPSOH[LW\RISUREOHPLV UHGXFHGE\SHUIRUPLQJGLPHQVLRQDOLW\UHGXFWLRQXVLQJ3&$7KHQ IROORZLQJ
WZRSUHSURFHVVLQJVWHSVDUHDSSOLHG
 &HQWHU;LHPDNH;D]HURPHDQYDULDEOHE\VXEWUDFWLQJLWVPHDQYHFWRU,WVLPSOLILHV,&$DOJRULWKP
 :KLWHQLQJ3DVV;WKURXJKZKLWHQLQJPDWUL[:]ZKHUH
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=: &RY ;   
7KLVPDNHVFRYDULDQFHPDWUL[RI;HTXDOWRLGHQWLW\PDWUL[DQGUHPRYHVVHFRQGRUGHUGHSHQGHQFLHVLQGDWD
%DUOHWWH HW DO KDYH SURSRVHG WZR W\SHV RI DUFKLWHFWXUHV IRU ,&$ LQ WKH IDFH UHFRJQLWLRQ WDVN $UFKLWHFWXUH,
FRQVLGHUV LPDJHV DV YDULDEOHV DQG SL[HOV DV REVHUYDWLRQV ZKLOH $UFKLWHFWXUH,, FRQVLGHUV SL[HOV DV YDULDEOHV DQG
LPDJHVDVREVHUYDWLRQV
$UFKLWHFWXUH,VWDWLVWLFDOO\LQGHSHQGHQWEDVLVLPDJHV
1XPEHURI LQGHSHQGHQWFRPSRQHQWV IRXQGE\,&$LV UHGXFHGE\ ILUVWDSSO\LQJ3&$WR Q WUDLQLQJ LPDJHVDQG
HLJHQVSDFHRIGLPHQVLRQP LV IRXQG ,QIR0D[DOJRULWKP LV WKHQ DSSOLHG WR WKHVHPRVW VLJQLILFDQWP HLJHQYHFWRUV
ZKHUH P  Q 7KLV PLQLPL]HV VWDWLVWLFDO GHSHQGHQFH DPRQJ WKH UHVXOWLQJ P EDVLV YHFWRUV /HW 3P EH PDWUL[
FRQWDLQLQJWKHPRVWVLJQLILFDQWHLJHQYHFWRUVLQLWVFROXPQV3HUIRUP,&$RQ3P77KHQWKHLQGHSHQGHQWEDVLVYHFWRU
8LVIRXQGDV
  P8 : 3  
3ULQFLSDO FRPSRQHQW UHSUHVHQWDWLRQ RI; EDVHG RQ3P LV P P5 ; 3 ZKHUH; UHSUHVHQWV VHW RIQ ]HURPHDQ
WUDLQLQJLPDJHV,QIR0D[DOJRULWKPFRPSXWHVPDWUL[
  , =: ::  
ZKHUH:=LVZKLWHQLQJPDWUL[VHH(T7KHFRHIILFLHQWPDWUL[IRUUHFRQVWUXFWLQJLPDJHVLVJLYHQE\WKHURZV
RIWKHPDWUL[
 P ,% 5 :   
(DFK WUDLQLQJ LPDJH LV UHSUHVHQWHG DV OLQHDU FRPELQDWLRQ RI VWDWLVWLFDOO\ LQGHSHQGHQW EDVLV LPDJHV DQG LWV
FRHIILFLHQWV)DFHUHSUHVHQWDWLRQIRULWKLPDJHLVVKRZQLQ)LJDV

)LJ)DFHUHSUHVHQWDWLRQIRU$UFKLWHFWXUH, 
$UFKLWHFWXUH,,VWDWLVWLFDOO\LQGHSHQGHQWFRHIILFLHQW
%DVLV LPDJHV IRXQG E\ $UFKLWHFWXUH, DUH VWDWLVWLFDOO\ LQGHSHQGHQW EXW WKH FRHIILFLHQWV DUH QRW *RDO RI
$UFKLWHFWXUH,,LVWRILQGVWDWLVWLFDOO\LQGHSHQGHQWFRHIILFLHQWV+HUHLQSXWPDWUL[;LVWUDQVSRVHGVRWKDWLPDJHVDUH
LQFROXPQVDQGSL[HOV LQ URZV7KLVPDNHVSL[HOVDVYDULDEOHVDQG LPDJHVDVREVHUYDWLRQV ,QVWHDGRISHUIRUPLQJ
,&$RQDOOQWUDLQLQJLPDJHVLWZDVGRQHRQPRVWVLJQLILFDQWPHLJHQYHFWRUVWRUHGXFHWKHGLPHQVLRQDOLW\RIGDWDDV
GRQHLQ$UFKLWHFWXUH,
7KHFROXPQVRI , P8 : 5 SURYLGHV VWDWLVWLFDOO\ LQGHSHQGHQWFRHIILFLHQWV IRU WUDLQLQJ LPDJHV LQ;7KHEDVLV
LPDJHVDUHREWDLQHGIURPWKHFROXPQVRI P ,3 :  
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5HFRJQLWLRQ
)RUUHFRJQLWLRQSUREHLPDJHLVSURMHFWHGRQWKHVWDWLVWLFDOO\LQGHSHQGHQWEDVLVYHFWRUV7KHQ,&$UHSUHVHQWDWLRQ
RISUREHLPDJHLVFRPSDUHGZLWK,&$UHSUHVHQWDWLRQVRIDOOWKHJDOOHU\LPDJHVXVLQJ FRVLQHGLVWDQFHPHDVXUH)RU
YHFWRUV[DQG\FRVLQHGLVWDQFHPHDVXUHLVGHILQHGDV
  FRV   __ __ __ __
[ \[ \G
[ \

 

 
7KHQSUREHLPDJHLVFODVVLILHGDVEHORQJLQJWRWKHFORVHVWJDOOHU\LPDJH
([SHULPHQWDOZRUNDQGUHVXOWV
'DWD
:HFDUULHGRXWH[SHULPHQWVRQ25/IDFHGDWDEDVHZKLFKLVSXEOLFO\DYDLODEOH,WKDVIDFHLPDJHVWDNHQDW$7
DQG7/DERUDWRULHVEHWZHHQ$SULODQG$SULO7KLV25/GDWDEDVH LV IRUPHGXVLQJJUD\VFDOH IDFH
LPDJHVRIGLIIHUHQWXVHUVZLWKIDFHLPDJHVSHUSHUVRQ6L]HRIHDFKLPDJHLV[SL[HOV)LJVKRZV
VRPHRIWKHLPDJHVIURP25/GDWDEDVH


)LJ6DPSOHIDFHVIURP25/IDFHGDWDEDVH
3UHSURFHVVLQJDQGWUDLQLQJ
$OOSUHSURFHVVLQJDQGLPSOHPHQWDWLRQLVGRQHXVLQJ0$7/$%5D(DFKIDFHLPDJHLVUHVL]HGWR[
SL[HOVIRUFRQGXFWLQJH[SHULPHQWV:HXVHGLPDJHVRIDOOSHUVRQVIURP25/IDFHGDWDEDVHIRUWUDLQLQJDQGWHVWLQJ
7UDLQLQJLVGRQHXVLQJILUVWLPDJHVSHUSHUVRQDQGWHVWLQJLVGRQHXVLQJUHPDLQLQJLPDJHVSHUSHUVRQ7KLVIRUPV
JDOOHU\VHWRILPDJHVDQGSUREHVHWRILPDJHV
:HIRXQGWKHSULQFLSDOFRPSRQHQWVRIWKHJDOOHU\VHWE\DSSO\LQJ3&$7KHVHSULQFLSDOFRPSRQHQWVDUHIRXQGE\
FRPSXWLQJHLJHQYHFWRUVRIWKHFRYDULDQFHPDWUL[RYHUDOOJDOOHU\LPDJHV$VJDOOHU\VHWKDV[ LPDJHVQ
 3&$GHULYHGQ PHDQLQJIXOHLJHQYHFWRUV7KHQ,&$ZDVSHUIRUPHGRYHUWKHVHHLJHQYHFWRUVE\
YDU\LQJWKHPIURPWR$OOWKHVHHLJHQYHFWRUVFRPSULVHGWKHURZVRILQSXWPDWUL[;7KHPDWUL[;LVVSKHUHG
DFFRUGLQJ WR(T 7KHZHLJKW: LV LWHUDWLYHO\DSSUR[LPDWHG:HLQLWLDOL]HG OHDUQLQJUDWHDWDQG LWZDV
DQQHDOHGGRZQWR
5HVXOWV
7DEOHVKRZVUHFRJQLWLRQUDWHRIWKHV\VWHPFRUUHVSRQGLQJWRGLPHQVLRQDOLW\RIILQDOVXEVSDFHLHQXPEHURI
LQGHSHQGHQW EDVLV YHFWRUV ,W DOVR VKRZV WKH HQHUJ\ UHWDLQHG LQ QXPEHU RI HLJHQYHFWRUV RI XQGHUO\LQJ 3&$
VXEVSDFH)LJVKRZVSORWRIUHFRJQLWLRQUDWHYVVXEVSDFHGLPHQVLRQVIRUIDFHUHFRJQLWLRQXVLQJ,&$
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'LPHQVLRQDOLW\RIILQDOVXEVSDFH 3HUFHQWDJHRIHQHUJ\ 5HFRJQLWLRQUDWH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)LJ5HFRJQLWLRQUDWHYVVXEVSDFHGLPHQVLRQVIRUIDFHUHFRJQLWLRQXVLQJ,&$
7KHHQHUJ\HLRIWKHLWKHLJHQYHFWRULVWKHUDWLRRIWKHVXPRIDOOHLJHQYDOXHVXSWRDQGLQFOXGLQJ LRYHUWKHWRWDO
VXPRIDOOHLJHQYDOXHVDV
  
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 
ZKHUH N LV WKH WRWDO QXPEHU RI HLJHQYHFWRUV )LJ  VKRZV HQHUJ\ UHWDLQHG E\ QXPEHU RI HLJHQYHFWRUV
FRUUHVSRQGLQJ WR ODUJHVW HLJHQYDOXHV FDOFXODWHG IURPRXU25/JDOOHU\GDWDEDVH ,W FDQEH FOHDUO\ VHHQ WKDWPRUH
WKDQ  RI HQHUJ\ LV UHWDLQHG LQ RQO\  HLJHQYHFWRUV RI WRWDO  YHFWRUV 5HFRJQLWLRQ UDWH LQFUHDVHV DV
GLPHQVLRQDOLW\RI ILQDO VXEVSDFH LQFUHDVHV WLOO$IWHU WKDW UHFRJQLWLRQ UDWHDOPRVW VWDELOL]HVZLWK WROHUDQFH
0D[UHFRJQLWLRQUDWHDFKLHYHGLVXVLQJHLJHQYHFWRUV7KHVHHLJHQYHFWRUVUHWDLQPRUHWKDWHQHUJ\


)LJ7KHHQHUJ\UHWDLQHGLQWKHGLPHQVLRQVRIWKHILQDOVXEVSDFH
&RQFOXVLRQ
2XU SDSHU DGGUHVVHV WKH XVH RI ,QGHSHQGHQW &RPSRQHQW $QDO\VLV ,&$ WR UHFRJQL]H KXPDQ IDFHV ,QIR0D[
DOJRULWKPDVXVHGE\%DUOHWWDQG6HMQRZVNL LVDGRSWHGIRUWKHLPSOHPHQWDWLRQRI,&$:HSHUIRUPHG,&$XVLQJ
$UFKLWHFWXUH,ZKLFKWUHDWVLPDJHVDVUDQGRPYDULDEOHVDQGSL[HOVDVRXWFRPHV,WIRXQGEDVLVYHFWRUVDVVWDWLVWLFDOO\
LQGHSHQGHQWDVSRVVLEOH([SHULPHQWDOZRUN LVFDUULHGRXWRQSXEOLFO\DYDLODEOH25/IDFHGDWDEDVH:HREVHUYHG
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WKH VHQVLWLYLW\ RI ,&$ WR WKH GLPHQVLRQDOLW\ RI ILQDO VXEVSDFH 2XU UHVXOWV VKRZ WKDW WKH SHUIRUPDQFH RI IDFH
UHFRJQLWLRQXVLQJ,&$LQFUHDVHVZLWKWKHQXPEHURIVWDWLVWLFDOO\LQGHSHQGHQWEDVLVYHFWRUV
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